RT6 proteins are glycosylphosphatidylinositol (GPI)-linked alloantigens that are localized to cytotoxic T lymphocytes and that have nicotinamide adenine dinucleotide glycohydrolase and adenosine diphosphate (ADP)-ribosyltransferase activities. In view of the importance of GPI-linked surface proteins in mediating interactions of cells with their milieu, and the varied functions of airway cells in inflammation, we undertook the present study to determine whether human homologues of the RT6 superfamily of ADP-ribosyltransferases (ART) are expressed in pulmonary epithelial cells. We hypothesized that these surface proteins or related family members may be present in cells that interact with inflammatory cells, and that they may thereby be involved in intercellular signaling. Using in situ analysis and Northern blot analysis, we identified ART1 messenger RNA (mRNA) in airway epithelial cells. As expected for GPI-anchored proteins, the localization of ART1 at the apical surface of ciliated epithelial cells was demonstrated by staining with polyclonal anti-ART1 antibody, and was confirmed by loss of this immunoreactivity after treatment with phosphatidylinositol-specific phospholipase C (PI-PLC), which selectively cleaves GPI anchors and releases proteins from the plasma membrane. Using in situ hybridization with specific ART3 and ART4 oligonucleotides, we also identified two additional members of the RT6 superfamily in epithelial cells. In accord with these findings, we identified ART3 and ART4 mRNAs through reverse transcriptionpolymerase chain reaction of polyadenine-positive RNA from human trachea. Interestingly, these proteins appeared to be preferentially localized to the airway epithelium. The localized expression of these members of the RT6 superfamily in human pulmonary epithelial cells may reflect a role for them in cell-cell signaling during immune responses within the airway. RT6, a glycosylphosphatidylinositol (GPI)-linked protein, is thought to be selectively expressed on the surface of mature peripheral T cells and intraepithelial lymphocytes in rats (1-4). Two allelic variants of RT6, designated RT6.1 and RT6.2, have been found in the rat (5), whereas two copies of the RT6 gene, Rt6-1 and Rt6-2 (6), are expressed in the mouse. In experimental animal models, RT6-positive lymphocytes are believed to be determinants of autoimmune diseases (e.g., diabetes mellitus [7] , lupus erythematosus [8]), although the role of RT6 in the pathogenesis of these diseases is unclear.
RT6, a glycosylphosphatidylinositol (GPI)-linked protein, is thought to be selectively expressed on the surface of mature peripheral T cells and intraepithelial lymphocytes in rats (1) (2) (3) (4) . Two allelic variants of RT6, designated RT6.1 and RT6.2, have been found in the rat (5), whereas two copies of the RT6 gene, Rt6-1 and Rt6-2 (6) , are expressed in the mouse. In experimental animal models, RT6-positive lymphocytes are believed to be determinants of autoimmune diseases (e.g., diabetes mellitus [7] , lupus erythematosus [8] ), although the role of RT6 in the pathogenesis of these diseases is unclear.
Members of the RT6 family catalyze adenosine diphosphate (ADP)-ribose transfer reactions, using nicotinamide adenine dinucleotide (NAD) as a substrate (9) . RT6 proteins in the rat have NAD glycohydrolase (10) and auto-ADP-ribosyltransferase activities (11, 12) , but are apparently incapable of ADP-ribosylating exogenous substrates (e.g., histones or simple guanidino compounds such as agmatine). In contrast, mouse Rt6-1 and Rt6-2 ADPribosylate simple guanidino compounds and catalyze auto-ADP-ribosylation and NAD hydrolysis (13, 14) . The ability of the mouse Rt6 to utilize arginine as an ADP-ribose acceptor reflects the presence of a glutamate at position 207, rather than a glutamine, as is found in rat RT6 (15, 16) . In humans, the RT6-related gene has three stop codons in the coding region, and is not expressed (17) . Although lacking RT6, human tissues do contain proteins with ADP-ribosyltransferase activity and RT6-related sequences (18-21).
ADP-ribosyltransferase activity was initially detected in bacterial toxins (e.g., pertussis and cholera toxins), in which it disrupts cellular metabolic or regulatory pathways (22) . In eukaryotes, ADP-ribosyltransferase activity has been detected in several avian and mammalian cells and tissues, including turkey erythrocytes (23) , chicken heterophils (24) , rat liver (25) , and several murine cell lines (26) . The expression of transferase in mammalian tissues is relatively restricted (9) . To date, five ADP-ribosyltransferase family members have been identified in mammalian tissues, and have been termed ADP-ribosyltransferases (ARTs) 1 through 5 (1, 19, 21, (27) (28) (29) . Transferase clones have been isolated from muscle (ART1) (29) , hematopoietic cells (ART1, ART5) (27, 28) , spleen (ART4) (21) , and testes (ART3) (21) . On the basis of primary sequence and biochemical data, some of these proteins (like RT6) appear to be GPI-anchored to the plasma membrane (18) . Another transferase, ART5, has been recently cloned from Yac1 cells and, unlike the other ARTs, appears not to be GPI-linked (28) . All mammalian ARTs have deduced amino acid sequences that are similar to those of the RT6 proteins of rodents, and are members of the RT6 superfamily (1, 19, 21, (27) (28) (29) .
In mammalian cells, mono-ADP-ribosylation of proteins has been associated with modifications of key cellular events, such as myocyte differentiation (30) and the function of cytotoxic T lymphocytes (CTLs) (31) . Incubation of CTLs with NAD resulted in the ADP-ribosylation of membrane proteins and inhibition of proliferation and cytotoxicity (31) . Exposure of CTLs to phosphatidylinositol-specific phospholipase C (PI-PLC) released an NAD: arginine ADP-ribosyltransferase and abolished the inhibitory effect of NAD on CTL function, suggesting that the GPI-linked protein was responsible for this effect. Two proteins present on the surface of CTLs and ADP-ribosylated by the GPI-linked ART1 are lymphocyte functionassociated molecule-1 (LFA-1) and p40, a 40-kD protein that inhibits p56 lck , a T-cell receptor-associated tyrosine kinase (32) . An ART cloned from murine CTLs is similar in structure to that identified in a cell line of mouse T-cell (Yac1) lymphoma, and probably represents the murine equivalent of rabbit and human ART1 (27) . The latter enzyme, also found in muscle, can ADP-ribosylate the extracellular domain of integrin ␣ 7 ␤ 1 in murine C2C12 muscle cells (33) . Given that the transferases from lymphocytes and muscle modify integrins, it appears that transferases may be involved in the regulation of immune responses via cell-cell and cell-matrix interactions.
Airway epithelial cells in the lung play an active role in inflammatory processes by recruiting and interacting with cells such as lymphocytes, monocytes, and macrophages (34) . Interaction of these cells with airway epithelium may also be partly responsible for the generation of cytokineand cell-mediated injury. Because of the potential role of ADP-ribosylation in regulatory interactions, we investigated whether members of the RT6 superfamily are present in pulmonary epithelial cells. As reported here, we demonstrated, through immunohistochemical techniques, in situ hybridization, and reverse transcription-polymerase chain reaction (RT-PCR), that human airway epithelial cells express ART1, ART3, and ART4.
Materials and Methods

Preparation of Cells and Tissues
The staining procedures subsequently described were done on human cells obtained by bronchoalveolar lavage (BAL) or bronchial brushing, and in tissue sections of lung. All procedures involving the use of human subjects were approved by the Institutional Review Board of the National Heart, Lung, and Blood Institute. The BAL cells were obtained as described previously from four normal human volunteers (35) . Normal human bronchial epithelial cells were obtained from large bronchi and trachea of the same four normal volunteers through bronchoscopy, using a standard cytology brush (Microvasive) (36) . The cells were immediately suspended in RPMI-1640 medium at 4 Њ C. After washing twice, cytocentrifuge preparations were made (Cytospin 2; Shandon Instruments, Pittsburgh, PA; 600 rpm, 10 min). Similar preparations were made of the cells recovered by BAL. For immunohistochemical staining, samples of normal lung from two subjects (who died of causes unrelated to pulmonary disease) were fixed in buffered 10% formalin, embedded in paraffin, and sectioned at a thickness of 5 m. For in situ hybridization studies, frozen sections of unfixed human lung and airways were cut in a cryostat at a thickness of 5 m, using blocks of histologically normal lung tissue obtained from two patients who underwent lobar resection for treatment of lung cancer. The unfixed cells and tissue sections were fixed with ice-cold acetone, air-dried, stored at Ϫ 80 Њ C, and rehydrated just before use.
Immunoperoxidase Staining
For immunostaining by the peroxidase method, the tissue sections were deparaffinized, hydrated, and incubated for 30 min in 0.3% hydrogen peroxide in methanol to inactivate endogenous peroxidase activity. After washing, the sections were treated with 0.4% pepsin (Sigma Chemical Co., St. Louis, MO) in 0.01 M HCl for 20 min at 37 Њ C. The sections were then washed and incubated with 2% normal goat serum in phosphate-buffered saline (PBS) (0.1 M; pH 7.2) for 20 min at room temperature to block nonspecific binding of the secondary antibody. The sections were then incubated with a rabbit polyclonal antibody against rabbit skeletal muscle ART1 ( see the subsequent discussion ) (1:1,000 dilution) for 18 h at 4 Њ C. The sections were then washed with PBS and processed according to the avidinbiotin-peroxidase complex method, using the Vector Elite Kit (Vector Laboratories, Burlingame, CA) and the Vector VIP kit to produce a purple color at the sites of reactivity. The slides were then counterstained with hematoxylin and mounted.
Immunofluorescence Staining
The sections were treated with blocking serum, washed, and incubated overnight at 4 Њ C with the primary antibody against ART1 (dilution, 1:200). After washing with PBS, the sections were incubated with goat antirabbit immunoglobulin (Ig)G conjugated with fluorescein isothiocyanate (FITC; 1:100 dilution) for 1 h at room temperature. Nuclei were then stained for 20 min at room temperature with 0.1% 4 Ј ,6-diamidino-2-phenylindole (DAPI) in PBS. The preparations were examined with a laser scanning confocal fluorescence microscope (Model TCS4D/DMIRBE; Leica Microsystems Heidelberg GmbH, Heidelberg, Germany) equipped with argon and argon-krypton laser sources.
Immunohistochemical Procedures
For immunohistochemical control procedures, the tissue sections were processed according to protocols in which the primary antibody had been either omitted or replaced by equivalent amounts of normal rabbit IgG. These procedures gave consistently negative results.
Northern Blot Analysis Polyadenine-positive (poly[A]
ϩ ) RNA (3 g; Clontech Laboratories, Palo Alto, CA) was fractionated in a 1% agarose/ formaldehyde gel and transferred to nitrocellulose membranes using the Turboblotter system (Schleicher & Schuell, Keene, NH). Membranes were prehybridized in 53 saline-sodium phosphate-ethylenediamine tetraacetic acid (EDTA)/10 ϫ Denhardt's solution/50% formamide/2% sodium dodecyl sulfate (SDS)/salmon sperm DNA (100 mg/ml) and were hybridized at 42 Њ C for 18 h in the same solution, containing [ 32 P]deoxyadenosine triphosphate ([ 32 P]dATP)-labeled ART1, ART3, or ART4 transferase complementary DNA (cDNA). Membranes were washed three times in 2 ϫ standard saline-citrate (SSC)/0.05% SDS for 10 min at 25 Њ C, and once in 0.5 ϫ SSC/0.1% SDS for 30 min at 42 Њ C, before being exposed to X-OMAT AR film (Eastman Kodak, Rochester, NY) for 1 wk.
In Situ Hybridization
Antisense and sense oligonucleotides specific for ART1 (nucleotides [nt] 133-208, 752-827) (18) , ART3 (nt 130-205, 670-745) (21) , and ART4 (nt 80-154, 620-694) (21) were synthesized with an ABI synthesizer (PE Applied Biosystems, Foster City, CA). Sense probes, complementary to the antisense probes previously described (18, 21) , were used as controls in adjacent sections. Antisense and sense probes were labeled with [ ␣ -thio- 35 S]dATP, using terminal deoxynucleotidyl transferase (specific activity Ͼ 1 ϫ 10 5 cpm/ng). Cells were prehybridized for 2 h at 42 Њ C in 1 M Tris/HCl (pH 7.5)/5 M NaCl/0.2 M EDTA/50% formamide/10 ϫ Denhardt's solution/yeast transfer RNA and 10 mg/ml/salmon sperm DNA at 5 mg/ml/50 mM dithiothreitol (DTT), and were then hybridized overnight at 42 Њ C with the labeled probes in the same buffer containing 50% dextran sulfate. The samples were washed once with 2 ϫ SSC at room temperature, once in 2 ϫ SSC containing 50% formamide at room temperature, three times in the same buffer at 37 Њ C, and once with distilled water and ethanol before drying and developing with D-19 (1:1) developer (Eastman Kodak).
Antibodies
The anti-ART1 antibody was raised in rabbits, using purified rabbit ART1 (18) . The specificity of this antibody was evaluated by immunoblot and dot-blot analyses, using membrane fractions from NMU cells transformed with ART1 cDNA before and after treatment with PI-PLC. The reactivity on dot-blots was greater before than after treatment of NMU membranes with PI-PLC, and was absent with preimmune serum (data not shown). A single 36-kD protein, corresponding in size to that predicted for ART1, reacted on Western blots incubated with anti-ART1 antibody, but not with preimmune serum. The antibody showed some reactivity toward recombinant human ART3 and ART4 in Western blot analyses (Ian Okazaki, unpublished data). The specificity of the antibody for ART1 has not been established in intact cells. For this reason, alternative methods (e.g., in situ hybridization, Northern blot analysis, RT-PCR) were used to confirm the expression of ART1. With use of these antibodies, ART1 was localized to the apical surfaces of polarized, ciliated epithelial cells, and was PI-PLC-sensitive, as expected for a GPI-linked protein. To some extent, the antibody may recognize other GPI-linked ARTs in these cells.
Western Blot Analysis, SDS-PAGE, and PI-PLC Treatment SDS-polyacrylamide gel electrophoresis (PAGE) and Western blotting were performed essentially as described previously (37, 38) . Immunoreactivity was detected with an ECL kit (Amersham, Inc., Arlington Heights, IL). Cells were incubated with or without PI-PLC from Bacillus thurigiensis (1 U/ml) for 1 h at 30 Њ C before fixation, in order to determine whether the immunoreactivity was specific for a GPI-anchored protein.
Analysis of ART3 and ART4 mRNA by RT-PCR cDNA synthesis using poly(A)
ϩ RNA from human trachea (Clontech) as a template was done with the Gene AMP RNA PCR Kit (Perkin Elmer, Norwalk, CT) according to the manufacturer's instructions. Briefly, 2 g of human trachea poly(A) ϩ RNA was reverse-transcribed, using cloned murine leukemia virus (MuLV) reverse transcriptase (Perkin Elmer) and oligo deoxythymidine [12] [13] [14] [15] [16] [17] [18] primer in 20 l of reverse transcriptase buffer (50 mM KCl/10 mM Tris-HCl [pH 8.3]/5 mM MgCl 2 ), and 1 mM each of dATP, deoxyguanosine triphosphate (dGTP), deoxycytosine triphosphate and deoxythymidine triphosphate.
All PCR amplifications (total volume: 100 l) were done with a cDNA thermocycler (Stratagene, La Jolla, CA) for 35 cycles (95 Њ C for 45 s; 62 Њ , 56 Њ , or 48 Њ C for 45 s; 78 Њ C for 1 min). Taq DNA polymerase (Perkin Elmer) was used with forward (ART3: 5 Ј -ATGAAGACGGGACATTTTGAA-ATA-3 Ј ; ART4: 5 Ј -CAGGTTGCAATTAAAATCGAC-TTC-3 Ј ) and reverse (ART3: 5 Ј -ATAAATCTCTTTGT-TGCTCTGTAG-3 Ј ; ART4: 5 Ј -ATCATTCTTTCCAA-AAGCAGAGT-3 Ј ) primers (100 pmol each). A second PCR was done with 2 l of the first PCR reaction product, with nested forward (ART3: 5 Ј -GCAACCATGATTCTA-GTGGAC-3 Ј ; ART4: 5 Ј -TCTTTTGATGATCAGTAC-CAA-3 Ј ) and nested reverse (ART3: 5 Ј -ATGGTCATC-ATTTTAATCAGT-3 Ј ; ART4: 5 Ј -TATAGCTATTGC-ATCTCTCTC-3 Ј ) primers (100 pmol each) under conditions identical to those described earlier.
PCR products were evaluated after size-fractionation in 1% agarose gel in 1 ϫ Tris-borate-EDTA buffer (85 mM Tris-HCl [pH 8.3]/89 mM boric acid/2 mM EDTA).
Subcloning and DNA Sequencing of ART3 and ART4
The PCR product was directly inserted into PCR TMII vector, using a TA cloning kit from Invitrogen. Competent Escherichia coli (top 10 F Ј ) were transformed with recombinant plasmid DNA and grown on Luria broth plates containing ampicillin at 100 g/ml. Plasmid DNA was isolated from E. coli with the Qiagen plasmid kit (Qiagen, Carlsbad, CA), and both strands were sequenced with the 7-deaza-dGTP sequencing kit (USB).
Results
Western Blot Analysis
Western blot analysis of cells obtained by BAL revealed an ‫ف‬ 40-kD protein that reacted with anti-ART1 antibody (Figure 1 ), in accord with the presence of a cell-surface membrane-associated ART in alveolar and airway cells.
Immunohistochemical Observations
Study of human lung sections stained with the anti-ART1 antibody showed localization of immunoreactivity in epithelial cells lining the airway (Figure 2 ). Confirming these results, ciliated ( Figures 3A and 3B ) and intermediate ( Figures 3C and 3D ) epithelial cells displayed very intense fluorescence after incubation with anti-ART1 antibodies. In contrast, neither macrophages nor lymphocytes reacted with anti-ART1 antibody (data not shown). The apical localization of the immunoreactivity in polarized cells (Figure 3A) , and the diffuse surface localization in nonpolarized cells (Figure 3C ), are consistent with the presence of a GPI-anchored protein. As noted in MATERIALS AND METH-ODS, the antibodies did recognize other ARTs, and conceivably, these GPI-linked proteins contribute to the immunoreactivity observed in these areas. After incubation of epithelial cells with PI-PLC, an enzyme that specifically cleaves GPI anchors, the immunofluorescence observed with anti-ART1 antibodies was significantly reduced on the apical surface of ciliated epithelial cells ( Figures 3E  and 3F ) and, overall, on the surface of intermediate epithelial cells (Figures 3G and 3H) . Treatment with PI-PLC did not affect the localization of caveolin, an integral membrane protein (39) , as determined with anticaveolin antibody (data not shown). Alveolar macrophages showed no reactivity with the ART1 antibody.
Northern Blot Analysis and In Situ Localization of ART1 mRNA
The presence of ART1 mRNA was evaluated through Northern blot analysis. A 1.6-kb transcript was observed in poly(A) ϩ RNA from human trachea (Figure 4 , lane T), but not from total lung poly(A) ϩ RNA (Figure 4 , lane L). These findings are compatible with the proposal that ART1 mRNA is preferentially expressed in the airway. The low signal intensity may reflect the fact that transferases are expressed at low levels in mammalian tissues. In cardiac or skeletal muscle, which are good sources of ART1, a Ͼ 200,000-fold enrichment was necessary to obtain sufficiently pure enzyme for sequencing (29) . Using in situ hybridization, we found that ART1 mRNA was localized to the epithelial layer of the airways in sections of human lung (Figures 5A and 5B ). Among cells obtained by BAL and bronchial brushing, ciliated ( Figures 5C and 5D ) and intermediate ( Figures 5E and 5F ) epithelial cells reacted strongly with the antisense ART1 oligonucleotides. ART1 mRNA was not detected in macrophages ( Figures  5G and 5H) .
Detection of ART3 and ART4 mRNA in Human Lung by Antisense Hybridization
Hybridization with antisense probes clearly demonstrated ART3 and ART4 mRNA in the epithelial cell layer in sections of human lung ( Figures 6A and 7A) . With control ART3 and ART4 sense probes, significantly less hybridization was observed (Figures 6B and 7B) . Hybridization with antisense and sense ART oligonucleotides of cells obtained from BAL and brushing revealed that ciliated (Figures 6C and 6D ) and intermediate ( Figures 6E and 6F) epithelial cells contained ART3 mRNA. Macrophages did not hybridize specifically with the antisense probes (Figures 6G and 6H) . As shown in Figures 7A through 7H , results of in situ hybridization studies with ART4 were similar to those obtained with ART3.
Detection of ART3 and ART4 by RT-PCR in Human Tracheal Cells
To confirm the presence of ART3 and ART4 mRNAs in epithelial cells, poly(A) ϩ RNA from human trachea was subjected to RT-PCR with primers based on sequences at the 5Ј-and 3Ј-ends of the coding regions (full length), followed by amplification with nested primers. The sizes of the ART3 and ART4 PCR products (1,100 and 800 bp, respectively) were consistent with those predicted from the published sequences (Figure 8 ). In view of the problems inherent in the identification of low levels of RNAs with RT-PCR, the PCR products were subcloned and sequenced. The sequences of the PCR products were identical to those reported for ART3 and ART4 (data not shown).
Discussion
The results of the present study show for the first time the presence of three members (ART1, ART3, and ART4) of the RT6 superfamily of proteins in human bronchial epithelial cells. These proteins were detected and localized in the epithelial cells through the following techniques: (1) SDS-PAGE and Western blot analyses, using whole lysates of bronchial epithelial cells as substrate and an ART1-specific polyclonal antibody; (2) immunoperoxidase staining of sections of lung; (3) indirect immunofluorescence staining of bronchial epithelial cells before and after PI-PLC treatment; (4) hybridization of poly(A) ϩ RNA from human trachea and lung with ART1 cDNA; (5) localization of ART1, ART3, and ART4 through in situ hybridization with specific antisense and sense oligonucleotides as reactants and lung sections or bronchial epithelial cells as substrates; and (6) RT-PCR methods, using human tracheal poly(A) ϩ RNA and "full-length" or selected nested ART3 and ART4 forward and reverse primers.
The RT6 superfamily consists of a group of structurally related GPI-linked proteins that have a high degree of sequence identity and which possess ADP-ribosyltransferase/NAD glycohydrolase activity. The RT6 proteins are alloantigens, the expression of which is believed to be restricted to T cells and intraepithelial lymphocytes (4, 40, 41) . ART1 is expressed in skeletal (29) and cardiac muscle (18) , and in lymphocytes (27) . Other members of this su- perfamily of enzymes, ART3 and ART4, appear to have similarly limited patterns of expression, having recently been found in testis and spleen (21) . We have now found that in the lung, there is a constitutive and restricted cellular expression of three RT6 family members: ART1, ART3, and ART4. In human airways, the presence of these proteins and/or their mRNAs was demonstrated in ciliated and intermediate bronchial epithelial cells.
Expression in the same cells of structurally related proteins that catalyze the same reactions would seem redundant. The presence of multiple ART proteins in ciliated and intermediate epithelial cells may reflect different roles and substrate specificities for these enzymes.
That all three enzymes are selectively expressed in airway epithelial cells is consistent with the possibility that ARTs may have roles in airway inflammatory responses. In inflammation, bronchial epithelial cells interact with neighboring cells as well as with cells in the airway lumen. These interactions are important not only for restricting access to the interstitium, but also for influencing the composition and activity of the cellular population of the airway lumen. Participation of airway epithelial cells in inflammatory reactions can occur through several mechanisms. The cells can be activated directly by foreign substances or microorganisms, or indirectly by cytokines or other proteins (e.g., adhesion molecules) released from alveolar macrophages or adjacent epithelial cells (42) . The GPI-anchored transferases of these cells, which line the airway lumen, may behave as adhesion molecules and thereby recruit inflammatory cells to the site, or may serve as receptors for luminal proteins. By virtue of their transferase activity, airway epithelial cells may modify the activity of molecules on the surfaces of neighboring cells (43, 44) .
The normal airway epithelium serves as a barrier to the attachment of and invasion by microbes (45) . Some microorganisms have, however, developed mechanisms to invade the respiratory epithelium by using cell-surface molecules as receptors (46) . Respiratory pathogens or their toxins might interact with GPI-linked ARTs expressed on the surface of respiratory epithelial cells to gain entry into the epithelium. Indeed, it has been reported that a GPIlinked protein serves as a receptor for aerolysin toxin (47) .
ADP-ribosyltransferases can catalyze auto-ADP-ribosylation as well as ADP-ribosylation of membrane surface proteins. In this and related reactions, transferases utilize extracellular NAD, as do the ADP-ribosyl cyclases, such as CD38 (48) and other NAD-glycohydrolases, which are ubiquitously expressed by inflammatory cells such as lymphocytes and macrophages. For these reactions to be physiologically relevant, a supply of extracellular NAD is needed at the cell surface. NAD might be released into the airway during inflammation, cell lysis, and apoptosis. Thus, NAD produced by target cells may be transiently and locally available for ADP-ribosylation. Because the environment of airway epithelial cells is crucial for immune responses in the lung, the finding that epithelial cells express GPI-linked proteins of the RT6 superfamily could be helpful in understanding how these cells interact with inflammatory cells and pathogens in the airway. ϩ RNA. Samples (2 g) of poly(A) ϩ RNA were used for RT-PCR with "full-length" (lanes 2 and 4) and nested ART3 and ART4 primers (lanes 3 and 5) . The experiment was repeated twice with similar results. The sizes (bp) of the oligonucleotide standards are shown on the left.
